of the inulin plasma single-shot clearance. Contrib Nephrol 1990;81:220-8. A precolumn denvatization method was optimized for rapid and specific analysis of total urinary hydroxyproline by HPLC. After an overnight hydrolysis, urine samples dried and reconstituted with the internal standard cysteic acid (in sodium hydrogen carbonate, pH 9.3) were derivatized with N,N.diethyl-2,4-dinitro-5-fluoroaniline (FONDEA) at 100 and all other chemicals, including HPLC-grade acetonitrue, were from Merck (Darmstadt, F.R.G.) . All salts and reagents were AR grade. Water was always doubly distilled, and the buffers were filtered through a 0.45-nm pore-size filter (Millipore, Bedford, MA) before HPLC analysis.
AddItIonal Keyphrases: chromatography,
reversed-phase bone protein amino acids
In humans, most of the body collagen is in bone, which represents the major reservoir of this protein (1 (15) (16) (17) (18) , phenylisothiocyanate (19) (20) (21) , dansyl chloride (22), 4-chloro-7-nitrobenzofurazan (23-25), and 9-fluorenylmethyl chloroformate (26) (27) (28) . Most of these derivatization methods present problems with quantification and require an initial cleanup step with o-phthaldialdehyde, which removes interfering peaks by selectively reacting with primary amino acids (26, 28) .
Our purpose was to obtain a sensitive, specific, and rapid HPLC method for determination of total urinary 4-hydroxyproline. We recently suggested the use of N,N-diethyl-2,4-dinitro-5-fluoroaniline (FDNDEA) as a precolumn derivatizing agent that allows determination of primary and secondary amino acids (29 Urine specimens were kept refrigerated at 4#{176}C during the 24-h collection period and then were frozen at -20 #{176}C until hydrolysis. After thawing, specimens were stirred and centrifuged to remove any sediment, and 50 pL was transferred into screw-capped borosilicate-glass tubes with 50 pL of water and 100 p.L of concentrated HC1. These samples were hydrolyzed for 16 h at 110 #{176}C so that any bound hydroxyproline would also be detected (17) . The hydrolysates were evaporated with a Speed Vac Concentrator centrifuge (Savant, Hicksville, NY) under reduced pressure, reconstituted with 200 pL of acetone, and dried again. The residue was redissolved with 250 pL of cysteic acid solution (pH 9.3). After thorough mixing, 50 pL of the resulting solution was added to 50 pL of FDNDEA solution, derivatized at 100 #{176}C for 20 mm, and dried. The DNDEA adducts were dissolved in 500 pL of the HPLC eluent, with mild heating if necessary, until complete dissolution was achieved, and 20 pL was automatically injected onto the HPLC.
Analytical variables. To evaluate the precision of the method, we calculated within-run coefficients of variation (CVs) for two urine samples at different concentrations that were hydrolyzed and then assayed repeatedly (n = 10) on the same day. To calculate the between-run CV, we analyzed 10 aliquots of a urine sample that were frozen and hydrolyzed on 10 subsequent days. Analytical recovery was evaluated by analyzing five urine samples to which different amounts of authentic hydroxyproline standard (10 and 50 mgfL) were added before hydrolysis.
Quantification.
The concentration of the analyte was determined by using calibration curves for aqueous hydroxyproline standards.
Aliquots (50 pL) of the standard solutions with increasing concentrations (5, 10,25, 50, and 100 mgIL) of hydroxyproline were diluted with water (50 pL) and processed according to the derivatization procedure described above. The ratio between the derivatized hydroxyproline peak area and the derivatized internal standard area (y) was plotted vs the concentration of the standard solutions (x). The standard curves were analyzed by linear-regression analysis to determine linearity. Calibration curves in urine were also prepared by adding 50 zL of the hydroxyproline standard solutions to 50 pL of pooled urine and, after hydrolysis, proceeding as described above.
Comparison
procedure.
To evaluate the reliability of our procedure, we hydrolyzed 50 urine samples obtained from the hospital laboratory and quantified their hydroxyproline content by using a High Performance Amino Acids Analyzer (Model 6300; Beckman) set at 440 and 570 nm. In addition, we tested 173 urine samples with both the HPLC and a routine spectrophotometric assay (9, 10) (Hypronosticon5; Organon Teknika, Rockville, MD). Except for age and sex, no information regarding health, disease, or diet restriction of the patients from whom the samples were obtained was available. To estimate the normal reference interval, we collected the 24-h urine specimens from 20 apparently healthy volunteers, ages 20-40 years (seven men and 13 women), working in our department. No diet restriction was imposed in the four days before the collection.
Results
Derivatization dependence on pH. The effect of pH on the derivatization reaction was investigated to determine the conditions for maximizing the amount of the DNDEA-hydroxyproline adduct. Four aliquots of hydroxyproline solution (17 mgIL) were hydrolyzed, desiccated, and resuspended with the internal standard solution at different pH values (range 9.2-9.9). As shown in Figure  1 , the best reaction yields, in terms of peak areas, were obtained at a pH of 9.3.
Chromatographic separation of DNDEA-hydroxyproline. Figure 2A shows Moreover, our procedure requires fewer sample manipulations than do other methods (20, 22, 24, 25); hence the procedure is more rapid. The accuracy of the precoluznn denivatization procedure, although tested with only a few samples, was proved by the better correlation of the ion-exchange poatlabeling method with the HPLC method (r = 0.985) than with the routine colorimetric procedure (r = 0.878).
The main drawback of the present method is that the denivatization yield is strictly related to the reaction pH. FDNDEA reacts quantitatively with amino groups in the presence of a very carefully controlled pH (>9.0). The most critical step of our procedure is, therefore, the drying of the hydrochloric acid, because a low pH adversely affects the recovery of DNDEA derivatives, especially that of cysteic acid.
In conclusion, this technique has a relatively low cost and requires a nondedicated instrument that, because of the stability of the derivatized products, may be coupled to an automated sampler. The good sensitivity, specificity, and reliability of the present method suggest that it merits consideration for determination of urinary 4-hydroxyproline in clinical laboratories.
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